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Editor’s Note

This is one of several articles we think you will
find of interest that are part of our special issue
of Kidney International addressing the chal-
End stage kidney disease increase the risk of COVID-19
related death but how the kidney replacement strategy
should be adapted during the pandemic is unknown.
Chronic hemodialysis makes social distancing difficult to
achieve. Alternatively, kidney transplantation could
increase the severity of COVID-19 due to therapeutic
immunosuppression and contribute to saturation of
intensive care units. For these reasons, kidney
transplantation was suspended in France during the first
epidemic wave. Here, we retrospectively evaluated this
strategy by comparing the overall and COVID-19 related
mortality in kidney transplant recipients and candidates
over the last three years. Cross-interrogation of two
national registries for the period 1 March and 1 June 2020,
identified 275 deaths among the 42812 kidney transplant
recipients and 144 deaths among the 16210 candidates.
This represents an excess of deaths for both populations, as
compared with the same period the two previous years
(mean of two previous years: 253 in recipients and 112 in
candidates). This difference was integrally explained by
COVID-19, which accounted for 44% (122) and 42% (60) of
the deaths in recipients and candidates, respectively.
Taking into account the size of the two populations and the
geographical heterogeneity of virus circulation, we found
that the excess of risk of death due to COVID-19 was similar
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for recipients and candidates in high viral risk area but
four-fold higher for candidates in the low viral risk area.
Thus, in case of a second epidemic wave, kidney
transplantation should be suspended in high viral risk areas
but maintained outside those areas, both to reduce the
excess of deaths of candidates and avoid wasting precious
resources.
Kidney International (2020) 98, 1568–1577; https://doi.org/10.1016/
j.kint.2020.10.008
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I n December 2019, an outbreak of apparently viral pneu-
monia of unknown etiology emerged in the city of Wuhan,
in the Chinese province of Hubei.1 On January 9, 2020, the

World Health Organization announced the discovery of a
novel coronavirus officially named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2),2 which is the
lenges of dialysis and transplantation during
the COVID-19 pandemic. Please also find
additional material in our commentaries and
letters to the editor sections. We hope these
insights will help you in the daily care of your
own patients.
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Figure 1 | Flowchart of the IMPact of the COVID-19 epidemic on the moRTAlity of kidney transplant recipients and candidates in a
French Nationwide registry sTudy (IMPORTANT) study. COVID-19, coronavirus disease 2019; ESRD, end-stage renal disease.
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pathogen responsible for this infectious respiratory disease
called coronavirus disease 2019 (COVID-19). The disease
quickly spread from Wuhan, and as of July 17, 2020, more
than 13 million cases have been confirmed in 209 countries,3

leading the World Health Organization to consider COVID-
19 the first pandemic to be triggered by a coronavirus.
Strengthened surveillance was implemented in France on
January 10, 2020, resulting in the identification of the first 3
confirmed European cases on January 24, 2020.4 COVID-19
then progressed very fast, and France went into lockdown
on March 17, 2020.

Among the various alarms raised by the pandemic was its
impact on the population of patients with end-stage renal
disease (ESRD). ESRD patients need renal replacement ther-
apy, which consists of either dialysis or kidney trans-
plantation. Because the latter provides both reduced risk of
mortality and better quality of life for a lower cost than
chronic hemodialysis, it is largely considered to be the
preferred modality of treatment for ESRD.5 Yet the fact that
renal transplant recipients require therapeutic immunosup-
pression raised concern that they might have greater sus-
ceptibility to severe infection and increased viral burden.6–8 A
second concern was that the hospitals facing the massive in-
crease of admissions into intensive care units, due to severe
forms of COVID-19, might not have the resources in terms of
staff and equipment to care for donors and recipients. In light
of these possibilities, and in the presence of a therapeutic
alternative (i.e., hemodialysis), the national regulatory
agency,9 in conjunction with the scholarly societies
involved,10,11 decided to suspend the activity of renal trans-
plantation on March 20, 2020.
Kidney International (2020) 98, 1568–1577
National lockdown proved to be effective in decreasing the
contact rate and therefore the number of infectious cases,
resulting in a drastic drop of the basic reproductive number
(R0, i.e., the expected number of new cases generated by a
single infectious case) from 3.3 at the beginning of the
epidemic to 0.47.12 As expected from this value of <1, the
epidemic died out, and the restriction policies were progres-
sively eased from May 11 onward, allowing resumption of
renal transplantation activity.

Taking advantage of the national registry, which prospec-
tively collects the follow-up data from renal transplant re-
cipients and candidates (CRISTAL), as well as the French
nationwide Registry of Solid Organ Transplant Recipients
with COVID-19 (French SOT COVID, clinicaltrials.gov
#NCT04360707), we continued to compare the impact of
the pandemic on the mortality of renal transplant recipients
and candidates. Our goal was to determine which of the 2
populations was at higher risk of death due to COVID-19 and
thereby provide a rationale to decide whether renal trans-
plantation should be maintained or suspended in case of a
second wave of the disease.

RESULTS
Temporospatial distribution of the COVID-19 cases among
renal transplant recipients and candidates
Among a total of 42,812 kidney transplant recipients and
16,210 candidates (active and inactive) on the national wait-
ing list for a kidney graft on February 1, 2020 (Figure 1), 606
(1.42%) recipients and 478 (2.95%) candidates were diag-
nosed with confirmed COVID-19 infection before June 1,
2020 (Figure 2a). The fact that the proportion of renal
1569
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Figure 2 | Spatio-temporal characteristics of the epidemic of coronavirus disease 2019 (COVID-19) in France. (a) Cumulative incidence
of the cases of COVID-19 diagnosed in France from February 1 to June 1, 2020 for renal transplant recipients (red curve) and candidates (blue
curve). This study focuses on COVID-19–related mortality. Taking into account that (i) all cases were diagnosed between March 1 and April 1
and (ii) the 99% confidence interval for the delay between COVID-19 diagnosis and death is 30 days, the period of the study was set from
March 1 to June 1, 2020. (b) Heat maps showing the geographic distribution of the cases of COVID-19 for renal transplant recipients (left panel)
and candidates (right panel). The limit of the area in which the circulation of the virus was more intense is shown (high–viral risk area defined
by the French government on May 11, 2020).

c l i n i ca l i nves t iga t i on O Thaunat et al.: COVID deaths: transplant recipients versus candidates

1570 Kidney International (2020) 98, 1568–1577



Table 1 | Characteristics of patients deceased during COVID-19 epidemic

Recipients

Pa Pb

Candidates

Pc Pd Pe
Alive on
June 1

Death from
other causes

Death due to
COVID-19

Alive on
June 1

Death from
other causes

Death due to
COVID-19

N 42469 153 122 16,042 84 60 0.60
Male 26,255

(61.8)
105 (68.6) 71 (58.2) 0.08 0.41 9993 (62.3) 59 (70.2) 43 (71.7) 0.13 0.13 0.08

Age, yr 56.9 � 15 70 � 10.5 66.5 � 12.1 <0.01 <0.01 57.5 �
13.9

63 � 11.4 62.7 � 10.5 <0.01 <0.01 0.04

Cardiovascular disease 3563 (13.4) 26 (29.9) 35 (33) <0.01 <0.01 2832 (18.7) 25 (32.9) 10 (17.5) <0.01 0.82 0.04
Diabetes 5352 (18.9) 26 (26) 51 (46.8) 0.07 <0.01 4674 (30.1) 42 (53.2) 29 (49.2) <0.01 <0.01 0.77
BMI, kg/m2 25.8 � 5.2 25.5 � 5.2 28 � 5.2 0.5 <0.01 26.2 � 5.3 25.7 � 5.8 28.4 � 4.8 0.41 <0.01 0.63
Blood group 0.16 0.24 0.39 0.5 0.27

A 18,423
(43.4)

69 (45.1) 47 (38.5) 5308 (33.1) 21 (25) 15 (25)

B 1874 (4.4) 10 (6.5) 6 (4.9) 537 (3.3) 2 (2.4) 2 (3.3)
AB 4599 (10.8) 9 (5.9) 20 (16.4) 2369 (14.8) 15 (17.9) 12 (20)
O 17,555

(41.4)
65 (42.5) 49 (40.2) 7828 (48.8) 46 (54.8) 31 (51.7)

Cause of ESRD 0.02 <0.01 <0.01 <0.01 0.23
Diabetes 3403 (8) 16 (10.5) 27 (22.1) 2641 (16.5) 28 (33.3) 21 (35)
Glomerulonephritis 10,738

(25.3)
36 (23.5) 17 (13.9) 3151 (19.6) 12 (14.3) 9 (15)

Nephroangiosclerosis 2654 (6.2) 19 (12.4) 15 (12.3) 1917 (12) 9 (10.7) 10 (16.7)
Other 11,201

(26.4)
38 (24.8) 37 (30.3) 4207 (26.2) 24 (28.6) 12 (20)

Polycystic kidney
disease

6860 (16.2) 26 (17) 18 (14.8) 1952 (12.2) 3 (3.6) 4 (6.7)

Tubulointerstitial
nephritis

7610 (17.9) 18 (11.8) 8 (6.6) 2172 (13.5) 8 (9.5) 4 (6.7)

Previous
transplantation

5538 (13) 15 (9.8) 14 (11.5) 0.24 0.61 3423 (21.3) 25 (29.8) 14 (23.3) 0.06 0.71 0.04

Time since
transplantation
Duration, mo 114.2 �

95.7
121.8 � 94 99.5 � 83.9 0.32 0.09

#1 yr 3404 (8) 9 (5.9) 16 (13.1) 0.33 0.04
Last eGFR MDRD,
ml/min

52.5 �
22.7

39.8 � 21 36.1 � 19.9 <0.01 <0.01

Time on dialysis,
mo

34.8 �
46.7

39.8 � 52.7 53 � 43.6 0.25 <0.01 40.4 �
54.2

63.3 � 60.1 42.2 � 45.9 <0.01 0.8 0.13

BMI, body mass index; COVID-19, coronavirus disease 2019; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MDRD, Modification of Diet in Renal
Disease.
The P values are for the following comparisons: arecipients alive vs. recipients deceased from other cause; brecipients alive vs. recipients deceased from COVID-19; ccandidates
alive vs. candidates deceased from other causes; dcandidates alive vs. candidates deceased from COVID-19; edeaths from COVID-19 recipients vs. candidates.
Values are n (%) or mean (� SD), unless otherwise indicated.

O Thaunat et al.: COVID deaths: transplant recipients versus candidates c l i n i ca l i nves t iga t ion
transplant candidates infected with SARS-CoV-2 is twice that
of recipients is consistent with the difficulties in achieving
social distancing in patients relying on chronic hemodialysis
as renal replacement therapy.

The curves of cumulative incidence (Figure 2a) indicate
that the COVID-19 cases were diagnosed between March 1
and May 1, 2020, with a similar kinetic in the 2 populations.
Given that the present study focuses on death due to COVID-
19 and because the 99th percentile of the delay between
diagnosis and death due to COVID-19 is 30 days (data not
shown), we set the period of analysis for this study to be
between March 1 and June 1, 2020.

The intensity of SARS-CoV-2 circulation was extremely
heterogeneous in France. The regions that had both a high
prevalence of COVID-19 (more than 10% of emergency
service admission for a suspicion of COVID-19) and/or a
saturation of intensive care units (more than 80% of COVID-
Kidney International (2020) 98, 1568–1577
19 patients in intensive care units) on May 11, 2020 were
classified as a high viral–risk area by the government.13 On
May 20, 2020, the incidences of COVID-19 were, respectively,
11.9 per 105 inhabitants in the high viral–risk area versus 5.8
in the rest of France.

The spatial distributions of the cases of COVID-19 for
renal transplant recipients (Figure 2b) and candidates
(Figure 2c) were similar, with, as expected, a higher density of
cases in the Northeast quarter (which corresponds to the high
viral–risk area).

Mortality of renal transplant recipients and candidates over
the study period
In France, the health status of both renal transplant recipients
and candidates is prospectively monitored, and the data are
recorded in the CRISTAL national registry. In addition, from
the outset of the global pandemic, the Société Francophone de
1571



Table 2 | Evolution of the characteristics of renal transplant recipients and candidates over the past 3 years

Recipients

P

Candidates

P Pa2018 2019 2020 2018 2019 2020

N 39,865 41,210 42,812 14,418 15,289 16,210
Male 24,694 (61.9) 25,463 (61.8) 26,474 (61.8) 0.90 8856 (61.4) 9468 (61.9) 10,112 (62.4) 0.23 0.23
Age, yr 56.1 � 14.9 56.5 � 15 57.0 � 15 <0.001 55.9 � 13.9 56.8 � 13.8 57.5 � 13.9 <0.001 <0.01
Cardiovascular disease 3131 (14.1) 3355 (13.7) 3635 (13.6) 0.21 2480 (18.4) 2698 (18.7) 2876 (18.8) 0.74 <0.01
Diabetes 4687 (19.5) 5033 (19.2) 5437 (19.1) 0.47 3906 (28.3) 4300 (29.1) 4756 (30.3) <0.001 <0.01
BMI, kg/m2 25.7 � 5.2 25.7 � 5.2 25.8 � 5.2 0.09 26.1 � 5.4 26.2 � 5.3 26.2 � 5.3 0.11 <0.01
Blood group 0.93 0.68 <0.01

A 17,430 (43.7) 17,941 (43.6) 18,559 (43.4) 4714 (32.7) 4997 (32.7) 5354 (33)
B 1715 (4.3) 1791 (4.3) 1898 (4.4) 490 (3.4) 539 (3.5) 541 (3.3)
AB 4284 (10.8) 4419 (10.7) 4639 (10.8) 2064 (14.3) 2270 (14.8) 2399 (14.8)
O 16,418 (41.2) 17,041 (41.4) 17,698 (41.4) 7150 (49.6) 7483 (48.9) 7916 (48.8)

Cause of ESRD 0.23 0.08 <0.01
Diabetes 3102 (7.8) 3247 (7.9) 3452 (8.1) 2357 (16.4) 2534 (16.6) 2697 (16.6)
Glomerulonephritis 10,252 (25.7) 10,508 (25.5) 10,801 (25.2) 2918 (20.2) 3031 (19.8) 3176 (19.6)
Nephroangiosclerosis 2351 (5.9) 2505 (6.1) 2690 (6.3) 1538 (10.7) 1696 (11.1) 1940 (12)
Other 10,574 (26.5) 10,885 (26.4) 11,302 (26.4) 3791 (26.3) 4054 (26.5) 4248 (26.2)
Polycystic kidney disease 6295 (15.8) 6598 (16) 6910 (16.1) 1830 (12.7) 1896 (12.4) 1962 (12.1)
Tubulointerstitial nephritis 7291 (18.3) 7464 (18.1) 7654 (17.9) 1981 (13.7) 2076 (13.6) 2185 (13.5)

Previous transplantation 5270 (13.2) 5438 (13.2) 5576 (13) 0.67 3269 (22.7) 3311 (21.7) 3467 (21.4) 0.02 <0.01
Time since transplantation, mo 110.4 � 92.9 112.1 � 94.2 114.2 � 95.7 <0.001
Last eGFR MDRD, ml/min 52.8 � 22.1 53 � 22.4 52.3 � 22.7 <0.001
Time on dialysis, mo 35.4 � 48.4 35.1 � 47.6 34.9 � 46.7 0.25 40.5 � 54.7 40.3 � 53.5 40.6 � 54.2 0.90 <0.01

BMI, body mass index; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; MDRD, Modification of Diet in Renal Disease.
aThe P values for the comparison of the clinical characteristics of recipients and candidates in 2020.
Values are n (%) or mean (� SD), unless otherwise indicated.
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Transplantation set up a specific registry in which all the cases
of COVID-19 diagnosed in solid organ recipients were pro-
spectively collected (French SOT COVID Registry; clinicaltrials.
gov #NCT04360707).14 Cross-interrogation of these 2 data-
bases for the period March 1 to June 1, 2020 identified 275
deaths among the 42,812 renal transplants, 122 (44%) of which
were due to COVID-19. Of the 16,210 candidates on the na-
tional waiting list, 144 died over the same period, 60 (42%)
owing to COVID-19 (Figure 1). The main clinical character-
istics of these patients are presented Table 1. Regardless of the

reason, ESRD patients (recipients and candidates) who died
during the study period were older, more frequently diabetic,
and had more often cardiovascular comorbidities. This was
expected since these characteristics are associated not only with
a higher risk for COVID-19–related death,

8 but also with the
risk of death from other causes in these populations. In
contrast, higher body mass index, a known risk for COVID-
19–related death in the general population,8 was associated
with death from COVID-19 but not from other causes in both
recipients and candidates (Table 1). Another interesting finding
is the fact that renal transplant recipients who died from
COVID-19 were more frequently within their first year of
transplantation (Table 1). The first-year post-transplantation is
the period during which the depth of therapeutic immuno-
suppression is at a maximum,15 especially for the patients that
received a depleting induction.16 We therefore went on testing
whether depleting induction was associated with a higher risk
of death due to COVID-19 in recipients transplanted within
the last 12 months. Among the 3313 renal recipients trans-
planted after February 1, 2019, a total of 1901 (57.4%) received
1572
thymoglobulin or alemtuzumab. The distribution of the latter
into 3 categories—(i) alive on June 1, 2020 (n ¼ 1890; 99.4%);
(ii) death from other (than COVID-19) cause (n ¼ 3; 0.15%);
and (iii) death from COVID-19 (n ¼ 8; 0.42%)—was not
different than that of the 1412 (42.6%) recipients that did not
receive depleting induction (no induction or induction with
anti-R-IL2): n ¼ 1398 (99%), n ¼ 6 (0.42%), and n ¼ 8
(0.56%) in the 3 previous categories, respectively (c2; P ¼
0.55).

The COVID-19 pandemic induced an excess of mortality in
both renal transplant recipients and candidates
In order to better assess the impact of the pandemic
on the mortality of renal transplant recipients and
candidates, we took advantage of the fact that these 2
populations retained similar characteristics over the last
3 years (Table 2). We therefore went on comparing the
daily incidence of deaths observed between March 1
and June 1, 2020 to the number recorded over the
same period the 2 previous years. The daily incidence
of deaths in 2018 and 2019 was stable over the period
and higher for renal transplant recipients (2.76 � 0.20
deaths/d; Figure 3a) than for candidates (1.21 � 0.08
deaths/d; Figure 3b). The latter difference (ratio ¼
2.28) is largely explained by the fact that the renal
transplant recipient population is larger than that of
candidates (n ¼ 42,812 vs. n ¼ 16,210, respectively,
ratio ¼ 2.64).

The curve of the daily incidence of deaths for 2020
increased over the curves of the 2 previous years, thus
Kidney International (2020) 98, 1568–1577
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Figure 3 | Comparison of the daily incidence of deaths over the past 3 years. (a,b) The moving average (10 days) method was used to
plot the daily incidence of deaths observed from March 1 to June 1 over the past 3 years for, respectively, (a) renal transplant recipients and (b)
candidates. (c,d) Stacked histograms showing, for each day of the period March 1 to June 1, 2020, the distribution between the (continued)

O Thaunat et al.: COVID deaths: transplant recipients versus candidates c l i n i ca l i nves t iga t ion
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Table 3 | Comparison of the clinical characteristics of
candidates deceased due to COVID-19 in the first versus the
second peak of the epidemic

Candidates deceased due to COVID-19 (n [
60)

First peak (March
1–April 15, 2020)

Second peak (April
16–June 1, 2020) P

N 37 (62) 23 (38)
Male 25 (67.6) 18 (78.3) 0.37
Age, yr 65.4 � 8.7 58.3 � 11.8 0.04
Cardiovascular disease 5 (14.7) 5 (21.7) 0.5
Diabetes 16 (44.4) 13 (56.5) 0.37
BMI, kg/m2 29.1 � 4.9 27.2 � 4.6 0.1
Blood group 0.82

A 10 (27) 5 (21.7)
B 2 (5.4) 0 (0)
AB 7 (18.9) 5 (21.7)
O 18 (48.6) 13 (56.5)

Cause of ESRD 0.4
Diabetes 10 (27) 11 (47.8)
Glomerulonephritis 7 (18.9) 2 (8.7)
Nephroangiosclerosis 6 (16.2) 4 (17.4)
Other 7 (18.9) 5 (21.7)
Polycystic kidney disease 4 (10.8) 0 (0)
Tubulointerstitial
nephritis

3 (8.1) 1 (4.3)

Previous transplantation 8 (21.6) 6 (26.1) 0.63
Time on dialysis, mo 47.9 � 52.6 33.3 � 31.8 0.19

BMI, body mass index; COVID-19, coronavirus disease 2019; ESRD, end-stage renal
disease.
Values are n (%) or mean (� SD), unless otherwise indicated.
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demonstrating an excess of mortality for both renal transplant
recipients (Figure 3a) and candidates (Figure 3b). This excess
of mortality was integrally explained by COVID-19, as shown
in Figures 3c and d.

Of note, the incidence of COVID-19–related deaths
followed a different kinetics in the 2 populations. Instead
of a single peak pattern observed for renal transplant
recipients, the daily incidence of deaths due to COVID-19
for renal transplant candidates followed a double-peak
pattern. Except the younger age for patients of the sec-
ond peak, comparing the candidates of the 2 peaks did
not reveal meaningful differences regarding their clinical
characteristics (Table 3) or geographic localization
(Figure 3e).

Excess mortality due to COVID-19 is higher for candidates
than for recipients of a renal transplant and is influenced by
virus circulation
A direct comparison of COVID-19–related deaths in renal
transplant recipients and candidates is difficult for several
reasons. First, the 2 populations largely differ in size. To
overcome this problem, the daily incidence of deaths during
the first wave of the COVID-19 epidemic was normalized
=

Figure 3 (continued) number of deaths (moving average 10 days) due to
bar) for, respectively, (c) renal transplant recipients and (d) candidates.
transplant candidates deceased due to COVID-19 during the first peak (l
April 16, June 1).
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over the size of the population (Figure 4a). Comparing the 2
curves revealed an excess of mortality in candidates estimated
at þ73%.

This simple method has, however, several limitations,
including the fact that it does not take into account the dif-
ferences between candidates and recipients. Candidates are
older, have a higher body mass index, and are more frequently
diabetic with cardiovascular comorbidities (Table 2), which
are all well identified risk factors for death (related to
COVID-198 or not). To improve the comparability between
the 2 populations, we took advantage of the fact that re-
cipients and candidate populations were relatively stable in
their characteristics over the past 3 years (Table 2), offering
the possibility of determining for each population the excess
of risk of death during the epidemic. We did that by dividing
the daily incidence of deaths observed between March 1 and
June 1, 2020 over the “expected” number of deaths: that is,
the mean number of deaths observed the same day for the 2
previous years (Figure 4b). Comparing the area under the
curve above the reference line (dashed black line) revealed
that the COVID-19 pandemic was responsible for an excess of
death that was 50% higher for patients on the national
waiting list than for the recipients of a renal transplantation.

This difference was, however, highly influenced by the
intensity of virus circulation, as demonstrated by the analyses
conducted separately for patients residing inside (Figure 4c)
and outside (Figure 4d) the high–viral risk area. The excess of
mortality due to COVID-19 inside the high–viral risk area
was much higher than that observed outside this zone, but it
was also very similar between the 2 populations (Figure 4c).
In fact, the difference between the 2 populations was esti-
mated to be <3%. In contrast, outside the high–viral risk
area, the excess of risk of death due to COVID-19, which was
low, was still much higher for renal transplant candidates
than it was for renal transplant recipients (þ432%;
Figure 4d).
DISCUSSION
Our study confirmed that the epidemic of SARS-CoV-2
infection, which affected France early in 2020, did impact
the mortality of both renal transplant recipients and candi-
dates. In both populations, an excess of deaths, integrally
explained by COVID-19, was observed. Our findings, made in
France only, are perfectly in line with the conclusions of
recent reports from the US, UK, and other international
registries.14,17,18

To make meaningful a direct comparison between these 2
populations, which differ by not only their size but also their
clinical characteristics, we did not only rely on adjusting the
daily incidence of deaths over the size of the populations but
also calculated a relative daily incidence of deaths normalized
coronavirus disease 2019 (COVID-19; black bar) versus cause (white
(e) Heat maps showing the geographic distribution of the renal
eft panel: March 1–April 15, 2020) and the second peak (right panel:
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Figure 4 | Comparison of the daily incidence of deaths during the epidemic between recipients and candidates. (a) The daily incidence
of deaths (moving average 10 days), observed between March 1 and June 1, 2020 in renal transplant recipients (red curve) and candidates
(blue curve), was normalized over the size of the population. (b–d) The daily incidence of deaths (moving average 10 days) observed between
March 1 and June 1, 2020 was normalized over the mean number of deaths observed the same day for the 2 previous years. This mathematical
transformation allows for direct comparison of the excess of risk of death due to the coronavirus disease 2019 epidemic for renal transplant
recipients (red curve) and candidates (blue curve), despite the difference in size of the 2 populations. Comparisons were made at (a,b) the level
of whole national territory, (c) inside the high–viral risk area, and (d) outside high–viral risk area.
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over the “expected” number (ie, the mean number of deaths
observed the same day over the last 2 years in the same patient
population). These analyses revealed that the excess of mor-
tality in 2020 due to the COVID-19 epidemic was globally
higher (w50%) for the candidates than for recipients of a
renal transplant. This difference might be explained by the
fact that most candidates are on chronic hemodialysis in
France, which requires that they go 3 times a week to the
dialysis center and makes it difficult to achieve efficient social
distancing during the lockdown. This hypothesis is supported
by both the results of the COWAIT prospective cohort study
(ClinicalTrials.gov Identifier: NCT04376775) and the fact that
the incidence of COVID-19 in candidates was twice that of
recipients (2.9% vs. 1.4%). A difference was also observed in
the UK.18 Another possible explanation is the fact that the
level of kidney function, which has been shown to be a major
predictor for death in COVID-19–infected patients,8 is lower
in candidates than in renal transplant recipients. In line with
Kidney International (2020) 98, 1568–1577
this, we observed that recipients who died from COVID-19
had a lower estimated glomerular filtration rate at last
follow-up than those who survived or died from another
cause.

Another important finding of our study is that the dif-
ference between the 2 populations regarding the excess of
mortality due to COVID-19 is highly influenced by the in-
tensity of virus circulation. In the high–viral risk area, where
most of the deaths due to COVID-19 were observed, the
excess of risk was very similar for candidates and recipients.
In contrast, in the geographic area where the circulation of the
virus was lower, the excess risk of death due to COVID-19
was more than 4-fold higher for candidates than for re-
cipients (for whom there was in fact no additional risk). This
finding is important because it provides a rationale to modify
our strategy in case of a second wave of COVID-19.19 Since
the risk is similar in both populations, and the procedure is
difficult to organize in the geographical areas where the
1575
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circulation of the virus is intense, it seems reasonable to
suspend again renal transplantation in these regions in case of
a new epidemic. In contrast, in the rest of country, where
circulation of the virus is low, our data indicate that the excess
risk related to COVID-19 is major for candidates only. Given
that hospital resources are less strained in these areas, it seems
logical to maintain transplantation as long as possible in these
territories.

It shall, however, be kept in mind that among the limita-
tions of the present study is the fact that transplantation was
totally suspended in France during the first wave of the
pandemic. We therefore lack information regarding the real
risk of death due to COVID-19 for patients undergoing renal
transplantation during the peak of the crisis. The higher
frequency of follow-up visits in the hospital (which makes
social distancing more difficult to achieve), as well as the use
of high-dose immunosuppression, including depleting in-
duction (which induces profound lymphopenia for several
weeks) likely contribute to increasing the risk of these patients
as compared with recipients transplanted several years
before.16 In agreement with this hypothesis, we observed that
recipients who died from COVID-19 were more often within
their first year of transplantation compared with those who
survived the epidemic or died from another cause during the
period. This problem could be mitigated efficiently by (i)
selection of donors and recipients, (ii) implementation of
telemedicine,20 and (iii) adaptation of an immunosuppressive
regimen,21 since it was reported neither in the other (“vital”)
organ (including heart, lung, and liver) transplantation pro-
grams that were not interrupted in France, nor in the coun-
tries in which the renal transplantation program continued
during the epidemic.21

In conclusion, this French nationwide study demonstrates
that the first wave of COVID-19 pandemic induced an excess
of deaths in both renal transplant recipients and candidates,
which predominated in the latter. In case of a second wave,
our results suggest again suspending renal transplantation
activity in the geographic areas in which the circulation of the
virus is intense. However, renal transplantation should be
maintained in the rest of the jurisdictions to both reduce the
excess deaths in candidates and avoid wasting precious re-
sources.22 This could be optimally achieved by following a
phased approach depending on risk tolerance, hospital ca-
pacity, and degree of virus activity.21
METHODS
Study population
All renal transplant recipients with a functional graft, and candidates
registered on the national waiting list (active or inactive) for a kidney
graft, on February 1, 2018, 2019, and 2020 were enrolled.

Cardiovascular comorbidities were measured at the time of wait-
listing and included heart failure, ischemic heart disease (including
history of myocardial infarction, coronary vascular disease, or un-
stable angina), and dysrhythmia but not hypertension.

The diagnostic criteria for COVID-19 were as follows: (i) evi-
dence of SARS-CoV-2 infection on reverse transcriptase-polymerase
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chain reaction testing performed on nasopharyngeal swab specimens
or (ii) presence of typical respiratory symptoms accompanied by
evocative pulmonary lesions on low-dose chest computed tomog-
raphy (CT) even when reverse transcriptase polymerase chain reac-
tion yielded negative results.

Data sources
Data were extracted from 2 national registries: CRISTAL and French
SOT COVID.

CRISTAL was initiated in 1996 and is administered by the na-
tional regulatory agency (Agence de la Biomedicine). This registry
prospectively collects data about all organ transplant recipients and
candidates in France. Candidate and recipient demographic, clinical,
and laboratory data are collected by transplantation teams at wait-
listing, transplantation, and annually thereafter. Graft failures and
recipient deaths are reported prospectively. Data accuracy is verified
by CRISTAL research assistants.

French SOT COVID was initiated by the Société Francophone de
Transplantation10 at the beginning of the COVID-19 epidemic in
France to prospectively collect the data from all French renal
transplant patients with COVID-19.

Ethics
The present study was conducted in accordance with French law.
Because French legislation defines research studies based on the
CRISTAL registry as part of the transplant outcome assessment, they
do not require specific ethics committee review or approval.

The French SOT COVID Registry was approved by the Institu-
tional Review Board of Strasbourg University (approval number
02.26) and registered at clinicaltrials.gov (NCT04360707). The need
for informed consent was waived. However, all patients were
informed about their inclusion in the registry.

Statistical analysis
Continuous variables are reported as means � SD, and categorical
variables are reported as frequencies (percentages). Differences be-
tween groups were assessed with the c2 test or 2-sided Fisher’s exact
test for categorical variables and analysis of variance test or Student’s
t test or Wilcoxon’s rank-sum test for continuous variables.

All COVID-19 cases for candidates and recipients were geocoded
at the home address. Smoothed maps were processed with a 30-km
and exponential Stewart model.

Number of deaths per day among candidates and recipients be-
tween March 1st and June 1st, in 2018, 2019, and 2020, were assessed
with 10-day moving averages.

All tests were 2-sided, and P < 0.05 was considered statistically
significant. Analyses were performed with SAS Enterprise Guide 7.1
(SAS Institute, Inc, Cary, NC).
APPENDIX
French nationwide Registry of Solid Organ Transplant Recipients with
COVID-19
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